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© Method of processing pattern data on the basis of ranked amplitude values, apparatus for 
performing the method. 
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© Upon selecting a collection of amplitude values 
on the basis of location within a multivalued-am- 
plitude field sequences of amplitude values arranged 
in order of magnitude are determined. Amplitude 
values occurring at predetermined ranks are char- 
acteristic quantities representative of the portion of 
the field under consideration. By inter-relating a plu- 
rality of these characteristic quantities (three or 
more), feature extraction is accomplished. Preferably 
rank value fitters are employed for producing the 
characteristic quantities. 
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The invention relates to a method of process- 
ing pattern data related to a field of multivalued 
amplitudes, the method including: 

- selecting a collection of amplitudes on the 
basis of location within the field; 

- generating a first characteristic quantity and a 
second characteristic quantity, representative 
of the collection, at least one of said char- 
acteristic quantities representing an ampli- 
tude value that occurs at a predetermined 
rank in a sequence of amplitude values that 
are chosen from said collection and that are 
arranged in order of magnitude. The invention 
also relates to an apparatus for executing the 
method. 

BACKGROUND TO THE INVENTION 

A method and apparatus of this kind are known 
from the European Patent Application No. 89 202 
124.7 ( = PHN 12.652) filed by the same Applicant. 
The known method has as an object to recognize 
patterns by detecting a match between on the one 
hand a first and a second template, and on the 
other hand the parts of the field with which the 
templates are associated. Herein, the first template 
represents the parts of the pattern sought for that 
correspond with a logic high vaJue, while the sec- 
ond template represents the parts of the pattern 
sought for that correspond with a logic low value. 
Being positioned into the field a lowest amplitude 
value is determined occurring in the first template 
and a highest amplitude value is determined occur- 
ring in the second template. Thresholding the field 
associated with the positioned first template with a 
threshold equal to or lower than the lowest am- 
plitude value maps the relevant parts thereof cor- 
rectly onto the logic high value, and thresholding 
the field associated with the second template with 
a threshold equal to or higher than the highest 
amplitude value maps the other relevant parts cor- 
rectly onto the logic low value. Therefore, when the 
threshold ranges overlap, there exist thresholds 
that for both templates accomplish a correct map- 
ping, and consequently a match is said to occur. 

The known apparatus executing this method 
employs a rank-value filter as a means for identify- 
ing the lowest or highest amplitude value. Such a 
rank value filter produces at its output the value of 
the amplitude at a predetermined rank in a se- 
quence of ordered amplitude values associated 
with the relevant template. The filter output signals 
associated with both templates are fed into a com- 
parator of which a comparator output may be con- 
nected to a thresholding device for discriminating 
between a small and a large overlap of the thresh- 
old ranges. 



OBJECT OF THE INVENTION 

The prior art method and apparatus perform 
adequately although in a rather limited application 

5 to pattern recognition based on determining the 
amount of overlap of the calculated ranges as 
described hereinabove. It is therefore an object of 
the invention to extend considerably the poten- 
tialities of such a method and apparatus thereby 

10 permitting a more differentiated approach in pattern 
processing. 

SUMMARY OF THE INVENTION 

75 To this end a method according to the inven- 
tion is characterized in that the method further 
includes: 

- generating at least one further characteristic 
quantity representative of the collection: 
20 - inter-relating said first, second and at the 
least one further characteristic quantity for 
feature extraction. Due to the use of at least 
one further characteristic quantity in addition 
to the first and the second characteristic 
25 quantity, a larger number of relations involv- 

ing the characteristic quantities may be ex- 
amined. For instance, more constraints may 
be introduced than only a predetermined 
overlap for determining whether a recognition 
30 occurs or not. Also, in contrast with the prior 

art, more than two ranges of amplitudes may 
be produced, for instance with respect to 
grey-level images, for differentiating among 
several grey-level ranges. For instance, an 
35 edge in a grey-level image may be detected 

on the basis of adjacent transitions occurring 
in a succession of three amplitude ranges. 
Moreover more intricate logic functions than 
comparing and determining the sign of the 
40 difference may be employed. Alternatively, 

various parts of the field may undergo mutu- 
ally different operations, thereby introducing 
a processing-dependence on location. 
For instance, edge detection in a grey-level 
45 video image may be accomplished by positioning 
three templates into the field in a predetermined 
configuration. Thereupon, selection of the collection 
of amplitudes to be considered is established by 
associating the field with the positioned templates, 
so Each template gives rise to the evaluation of a 
subset window of amplitudes chosen from said 
collection of amplitudes within its window. In case 
the characteristic quantity associated with the first 
template indicates a low-amplitude range, and the 
55 one associated with the second template indicates 
a high-amplitude range and in addition the one 
associated with the third one indicates an 
intermediate-amplitude range an edge may be said 
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to be detected. 

An apparatus for executing the method accord- 
ing to the invention preferably comprises a plurality 
of rank value filters coupled to a plurality of inputs 
of a data processing means. The data processing 
means may examine whether the characteristic 
quantities validate some predetermined relations or 
not for thereupon outputting a signal confirming the 
presence or absence of pre-established relations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be explained hereinafter by 
way of example with reference to the accompany- 
ing drawing in which: 

Figure 1 shows a first example for pattern rec- 
ognition according to the invention, 
Figure 2 shows a second example for pattern 
recognition according to the invention, and 
Figure 3 shows a first exemplary apparatus ac- 
cording to the invention. 

Figures 4A-4C show a second exemplary ap- 
paratus according to the invention, and 
Figures 5A-5C show a third exemplary appara- 
tus according to the invention. 

FIRST EXEMPLARY METHOD 

In Figure 1 an example is given of a pattern 
examination according to the invention. In this ex- 
ample three templates are used, each for evaluat- 
ing a different portion of the multivalent amplitude 
filed denoted by 100. The number in each mask of 
field 100 represents - the amplitude value associated 
with that mask. 

Within the context of, for example pattern rec- 
ognition in video images, these numerals represent 
the grey values of the pixel, tn the case of, for 
example remote sensing applications, the numerals 
represent values of a measured quantity, for exam- 
ple a temperature or a distance from a reference 
point, in which case a predetermined coherence is 
pursued between the measured values and their 
mutual orientation. 

It is to be noted that the use of a method or an 
apparatus in accordance with the invention is not 
restricted to the two-dimensional fields like that of 
the example shown in Figure 1. The use of a 
method in accordance with the invention with one- 
dimensional fields consists, for example in the 
search for a predetermined pattern in a (distorted), 
digital signal. A use of a method in accordance 
with the invention with three-dimensional fields con- 
sists, for example in the search for a predeter- 
mined pattern in a data field obtained by computer 
tomographic examination of an object. It is also to 
be noted that the field to be examined, having 
mutti-valent amplitudes, need not be sub-divided 



into (similar) elements as shown by way of exam- 
ple in Figure 1. A continuous field can also be 
examined for a given pattern, provided that repre- 
sentative discrete values are assigned to parts of 

5 the field considered upon association with the sub- 
masks. The pattern information sought for is 
visualised under reference numeral 102. This par- 
ticular pattern is divided into a parfl04, that in- 
dicates the required segment of relatively high am- 

io plitude, a part 106, that indicates the required seg- 
ment of intermediate amplitude, and a part 108 that 
indicates the required segment of relatively low 
amplitude. The crosses in pattern 102 denote the 
irrelevant parts (don't cares). Threelimplates 110. 

rs 112 and 114 represent in combination the pattern 
102 , that is template 110 relates to the contribution 
oTpart 104, template 112 relates to the contribution 
of part 106 and template 114 relates to the con- 
tribution of part 108. 

20 Associating these templates with field 100 pro- 
duces the sets of amplitudes 116, 118 and 120, 
respectively, that reflect the field values in the 
respective windows of the template. For each set 
the detected amplitude values are arranged in an 

25 ordered sequence as indicated by 122, 124 and 
126 for the respective sets. 

For recognition it is for instance required for 
the amplitude values thus obtained, that the lower 
bound of the high amplitude range related to se- 

30 quence 122 is larger than the upper bound of the 
intermediate amplitude range related to sequence 
124, and that the upper bound of the low amplitude 
range related to sequence 126 is smaller than the 
lower bound of the intermediate amplitude range 

35 related to sequence 124. In the above example the 
match between the templates 110, 112 and 114 
and the field occurs, since the respective bounds 
validate said conditions. Other criteria may be for- 
mulated in order to identify a match. For instance, 

40 the relevant differences between the pairs of 
bounds may be prescribed in order to control the 
pattern detection in dependence on the presence 
of more or less pronounced features. Or the char- 
acteristics quantities need not all be equal to a 

45 lower or an upper bound. Medium amplitude values 
may be chosen, for instance in order to represent 
in the above example the intermediate amplitude 
range. Equally, amplitude values occurring at other 
ranks in the ordered sequences such as 122, 124 

so and 126 may be chosen as representatives of the 
characteristic quantities. 

SECOND EXEMPLARY METHOD 

55 In Figure 2 another example is given of a 

pattern examination according to the invention. The 
pattern 202 now to be detected relates to a dark 
line 204 against a bright background 206. Again the 
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crosses indicate don't cares. Three templates are 
used for representing the above structure, a left- 
hand-side template 210 corresponding with the left 
background part, the middle template 212, cor- 
responding with the dark line, and the right-hand- 
side template 214, corresponding with the right 
background part. By assigning separate templates 
to the various parts constituting the pattern, a co- 
herent set of amplitudes is generated for each part, 
thereby enabling each set to be processed in an 
appropriate manner. For instance, each set may be 
examined under conditions that are location-depen- 
dent. That is, the left-hand-side background may 
be treated differently from the right-hand-side 
background. Deviations from the high amplitude 
background may be accepted for recognition, 
which deviations may differ mutually for the right- 
hand side and the left-hand side. For example, 
upon associating template 210 with the multivalent 
amplitude field (not shown) recognition for the left- 
hand-side area may be established despite the fact 
that the relevant section of the field is polluted with 
darker spots. That is, the ordering of the amplitude 
values comprises values that also may occur in the 
part of the field associated with the relevant part of 
template 212. In order to take these deviations into 
account the rank in the corresponding ordered se- 
quence of the value representative of the char- 
acteristic quantity need not be related the upper or 
lower bound of the belonging amplitude range. For 
further explanation reference is made to the above- 
mentioned prior art. 

FIRST EXEMPLARY APPARATUS 

Figure 3 shows an example of an apparatus 
300 according to the invention. The apparatus 300 
includes a data processing unit 302 a plurality of 
inputs 304a... 304n thereof being coupled with a 
plurality of rank value fitters 306a... 306n. The rank 
value filters 306a... 306n each transmit a character- 
istic quantity derived from the respective set of 
ordered amplitudes that represent the field within 
the window of the associated template (not shown) 
coupled with a particular rank value fitter. Upon 
reception of the characteristic quantities, each be- 
ing an amplitude value at a predetermined rank in 
the respective set of ordered amplitudes, the data 
processing unit 302 may execute a pairwise com- 
paring thereby producing logic values indicative of 
the compare result. These logic values may then 
be interrelated according to some logic function for 
producing an output quantity at output 308 indicat- 
ing the presence or absence of predetermined cor- 
relations. 

SECOND EXEMPLARY APPARATUS 



In Figure 4A-4C a second exemplary apparatus 
400 according to the invention is shown for visu- 
alizing the examination of the interrelationship 
among the various characteristic quantities. The 

5 apparatus 400 includes a data processing unit 402, 
inputs 404aT~404b and 404c thereof being coupled 
to the rank value filters 406a, 406b and 406c, 
respectively. The part of the field examined by 
each individual filter is indicated by the letters P, Q 

io and R in the filters 406a, 406b and 406c, respec- 
tively. Fitter 406a is programmed to produce a 
quantity A indicative of a minimum amplitude value 
occurring within the part P of the field examined by 
this filter. Filter 406b is programmed to produce a 

75 quantity B that is indicative of a median amplitude 
value occurring within the associated part Q of the 
field. Filter 406c is programmed to produce a 
quantity C indicative of a maximum amplitude oc- 
curring within part R of the field. In case these 

20 characteristic quantities validate the logic relation- 
ship as shown in Figure 4B, that is, the maximum 
value A is larger than the minimum value C whilst 
the median value B lies in between (this has also 
been visualized in Figure 4C), data processing unit 

25 402 outputs a confirmation output signal E. 

THIRD EXEMPLARY APPARATUS 

In Figure 5A-5C a third exemplary apparatus 

30 500 according to the invention is shown for visu- 
alizing the examination of another interrelationship. 
The apparatus 500 comprises a data processing 
unit 502 with date inputs 504a, 504b, 504c and 
504d coupled with rank value filters 505a, 505b, 

35 505c and 505d, respectively. The respective parts 
of the field are named P, Q and R and are exam- 
ined by the respective rank filters. Filter 505a is 
programmed to examine part P for producing a 
quantity A indicative of the maximum amplitude 

40 value occurring within this part. Filter 505b is pro- 
grammed to examine part Q in order to produce a 
characteristic quantity B indicative of the minimum 
amplitude value occurring in part Q. Filters 505c 
and 505d both examine a part R of the field, filter 

45 505c producing a quantity C indicative of a maxi- 
mum value within part R and filter 505d producing 
a quantity D indicative of a minimum value within 
part R. In case minimum D is larger than maximum 
A, whilst C and B lie in between, data processing 

50 unit 502 outputs a confirmative output signal E 
according to the relation of Figure 5B. In addition 
the interrelationship has been visualized in Figure 
5C. 

55 Claims 

1. A method of processing pattern data related to 
a field of multivalued amplitudes, the method 
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including: cessing means. 

- selecting a collection of amplitudes on 
the basis of location within the field; 

- generating a first characteristic quantity 

and a second characteristic quantity, re- 5 
presentative of the collection, at least 
one of said characteristic quantities re- 
presenting an amplitude value that oc- 
curs at a predetermined rank in a se- 
quence of amplitude values that are cho- w 
sen from said collection and that are 
arranged in order of magnitude; 
characterized in that the method further in- 
cludes: 

- generating at least one further character- 75 
istic quantity representative of the collec- 
tion: 

- inter-relating said first, second and at the 
least one further characteristic quantity 

for feature extraction. 20 



Z Method as in Claim 1, characterized in that all 
said characteristic quantities each represent a 
respective amplitude value occurring at a re- 
spective predetermined rank in an associated 25 
sequence of amplitude values arranged in or- 
der of magnitude. 



Method as in Claim 1 or 2, characterized in 
that the inter-relating comprises: 30 

- producing comparison results by com- 
paring the obtained characteristic quan- 
tities, either mutually, or with respect to 
respective predetermined thresholds or 
both; 35 

- performing a logic operation on the com- 
parison results for thereupon producing a 
compound quantity representative of the 
collection. 

40 

Apparatus for executing a method as in Claim 
1 or 2 comprising a characteristic quantity gen- 
erator for producing said characteristic quan- 
tities that includes at least one rank value fitter 
for producing the amplitude value occurring at 45 
the predetermined rank. 



5. Apparatus as in Claim 4, wherein the rank 
value fitter is a programmed means. 

6. Apparatus as in Claim 4, comprising a data 
processing means having an input coupled 
with an output of the characteristic quantity 
generator for performing the inter-relating. 

7. Apparatus as in Claim 6, wherein the char- 
acteristic quantity generator includes a plurality 
of rank value filters coupled with the data pro- 
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